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uring the last two decades, maintaining or increasing he competitiveness of their national economies has become an important goal of economic and other policies in all OECD countries. National science and technology (S&T) policies are paying growing subsidies to companies in order to help make them more competitive on world markets?
But at the same time, the big firms, the multinational corporations (MNCs) who are performing the major part of research and development (R&D) and receiving the largest share of national R&D subsidies, are internationalizing their activities. 2 In recent decades, foreign direct investment has grown much faster than most other international economic indicators like world production or international trade.
MNCs have not only internationalized production, foreign R&D activities have also become more and more important, not only in quantity but also in quality. An increasing amount of innovative R&D and, in some cases, even R&D of strategic importance to the corporations is being carried out abroad. This article will attempt to assess the quantity and quality of the internationalization of corporate R&D, i.e. of German companies abroad and of foreign companies in the Federal Republic of Germany (FRG). It will also show the possible implications of this for the competitiveness of the national economy and for national S&T policy. First, we will examine the reasons behind the internationalization of R&D.
Analyzing the motives of MNCs in creating new R&D facilities abroad or enlarging already existing R&D units, * Forschungsgemeinschaft fQr AuBenwirtschaft, Struktur-und Technologiepolitik (FAST) e.V., Berlin, Germany.
two different levels should be distinguished. We could speak of R&D related motives if the introduction or expansion of R&D is done at the location which is most efficient within the framework of the corporate R&D system. In addition to these motives, the carrying out of R&D abroad may serve other purposes not related to an improvement of the company's R&D system. In these cases we might speak of R&D unrelated motives.
There are basically two kinds of R&D related motives. Traditionally most important is R&D abroad which supports local production. Technology transferred from the parent company to the subsidiary has to be adapted to local market and production requirements? Another kind of R&D abroad is aimed at the generation of new technologies that will be used throughout the whole company. Especially in those technologies where a Studies, Vol. 9, No. 1, . A good compilation of these studies is given by R. Pearce:
The internationalization of research and development by multinational enterprises, Houndmills 1990.
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certain foreign region has a particular innovative potential, it may be important for a company to participate through a local R&D unit. The participation mainly takes place through the recruitment of R&D personnel and the integration in the scientific community. The innovative potential in the foreign country does not necessarily have to be more advanced than the potential in the home country. Technological expertise can also be complementary, so that foreign R&D and R&D at home would complement one another. Additionally, foreign R&D units often serve as so-called "listening posts" which monitor technological developments for their parent companies. A combination of both motives -R&D supporting local production as well as R&D aiming at the creation of new technologies -is given in the case of a product mandate. Here, a subsidiary has the full responsibility for all enterpreneurial functions -R&D, production and marketing -in a specific product area.
Very often, the carrying out of R&D abroad is determined by R&D unrelated motives. There could be requirements of national governments aiming at the preservation of R&D potential in their countries. Such provisions are often made by technologically weak nations? Very often national procurement will favour companies which are performing R&D in the country. For instance, this is the case in telecommunications where a significant degree of national presence, including R&D, is considered necessary in order to participate in the markets of industrialized countries. In other areas, such as pharmaceuticals, local R&D (clinical testing) is a precondition for market approval. Another motive might be to improve the image of the company not only vis-a-vis the government or other customers, but in view of attracting qualified personnel who want to work for "interesting" companies who provide career opportunities.
Finally there is another very important reason behind the growth of R&D abroad. Growth of MNCs is increasingly taking place through acquisitions of already existing companies, which, in many cases, have their own R&D 4 Examples can be found e.g. in Canada or in Spain.
5 While managers from the MNCs usually stress the expected synergy effects through the integration of the acquired companies, business literature points out that foreign R&D has grown "opportunisticly". Cf. T. J. Globales F&E Management, in: Die Unternehmung, Vol. 44, 1990, pp. 226-246. facilities. In many cases, it might be desirable for the MNC to take over these R&D units and theirinnovative potential. In some cases, this might even be one of the main motives behind the take-over. But, in other cases, the growth of R&D abroad might just be an unintended side-effect2
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In Germany, just like in other countries, e R&D is concentrated at large corporations. About three quarters of the R&D personnel in manufacturing industry works for companies which have more than 1,000 employees, while those companies only account for less than 50% of total employment. The R&D intensity (share of R&D personnel in total employment) of these companies is 6.4% while in smaller companies it is below 2%. ~ More than 50% of the R&D personnel works in companies with more than 10,000 employees. Still, these figures obviously underestimate the importance of the big corporations because they include a large number of smaller companies which are their affiliates. The domestic R&D personnel of the seven largest German MNCs 8 alone makes up one third of total R&D employment in German manufacturing industry.
While domestic German manufacturing industry employed about 300.000 people in R&D in 1989, 9 we esti mate t hat more than 40,000 were working in R&D units of German MNCs abroad. TM As the total workforce of German manufacturing MNCs abroad numbers around 1,600,000, the average R&D intensity abroad is somewhat more than 2.5%. If we consider only the manufacturing affiliates in developed countries, where the majority of foreign R&D personnel is concentrated, then the R&D intensity is considerably higher. A total workforce of less than 1,000,000 people shows an average R& D intensity of over 4~ This is about the same as the average in domestic German manufacturing industry.
R&D abroad has grown tremendously in recent decades. Overall employment has grown by two thirds since 19767' But, the growth of R&D employment abroad was much faster, and R&D intensity abroad grew even faster than in the FRG. ~2 The quantitative growth is to a into account the regional and industrial structure of German foreign direct investment. 1, This is the first year for which data are available from the Deutsche Bundesbank. ,2 Cf. M. Wo r t m a n n : Multinationals and the internationalization of R&D: New developments in German companies, in: Research Policy, No. 2, 1990, pp. 176 f.
REPORT large extent the result of the i ncreasi ng importance of takeovers of companies in other industrialized countries. We estimatethat German MNCs acquired at least 10,000 R&D employees abroad in the five years between 1985 and 1989.13 Today, about half of total foreign R&D employment is concentrated in Europe TM and almost the other half is located in North America. The strongest growth took place in the USA, where German -and other-MNCs were only weakly represented until the mid 70s. Today, the US affiliates of German MNCs show a somewhat higher R&D intensity than those of British, French or Japanese MNCs. is R&D in Japan is, in quantitative terms, still negligible, even though the R&D intensity of many German affiliates is very high. Some MNCs are entering the complicated Japanese market with R&D facilities set up simultaneously to, or even before, production.
Data from a recent survey 16 (see Table 1 ) shows that the R&D intensity abroad for the whole sample (33 companies) as well as for the chemical and electrical industries make up about half of the R&D intensity in the FRG. Only in the automotive industry (including suppliers) is the R&D intensity abroad considerably lower." The chemical industry has a very high R&D intensity abroad (5.5%). This is to a large extent due to pharmaceuticals, which require sizable R&D efforts at home as well as abroad; in manyforeign countries, clinical testing is a condition for market approval. But foreign R&D in many other fields can be found, too -among them in the important field of new materials.
An area not so much of quantitative as of qualitative importance is modern biotechnology, especially recombinant DNA. Several German companies have concentrated the most important part of their R&D in this field in the USA. TM Some have used the experience of their US affiliates in more traditional biotechnology as a starting-point for developing R&D units for modern biotechnology, whereas others have set up completely new, small companies for this purpose, lg
In the electrical industry, R&D intensity abroad is also high, even though the figure from our sample (5.9%), due to the dominance of one single very big company, is probably an overestimation for the industry as a whole. In the 80s, the quantitative growth of R&D intensity abroad has probably been strongest in this industry, due to the growing importance of special software development for The comparatively low foreign R&D intensity in the automotive industry is mainly the result of the fact that foreign employment by German MNCs in this industry is concentrated in less developed countries, especially in Latin America, and in the European periphery. R&D abroad primarily supports local production. After the takeover of SEAT by Volkswagen, the continuation of R&D there was a result of requirements set by the Spanish government.
Other industries, including mechanical engineering and plant construction, show a considerably low R&D intensity at home as well as abroad.
20 Three of these companies have more than 4,000 R&D employees in the FRG: ABB, Opel/GM and Philips.
Foreign Affiliates in the FRG
The internationalization of R&D is not a one-way process. Thus, the substantial R&D activities of affiliates of foreign MNCs in the FRG also have to be considered. According to our estimation, well over 40,000 people out of more than 1,000,000 employed in foreign affiliates in the manufacturing sector work in R&D. Ranking at about 4%, the R&D intensity of foreign manufacturing affiliates in the FRG is as high as the average R&D intensity of German manufacturing affiliates abroad, as well as of the entire manufacturing industry in the FRG.
Some of the foreign affiliates in the FRG show a very high R&D intensity, especially in the electrical industry (i ncludi ng computers) and in the automotive industry. Data from 8 important foreign affiliates in the FRG show that R&D intensity in most of these companies is as high as the R&D intensity of comparable German companies. 2~ And the quality of foreign R&D in the FRG is not restricted to adaptive tasks. This is not surprising in cases where the German company has been taken over only recently. Large R&D facilities at affiliates of MNCs based in small neighbouring countries, like Switzerland or the Netherlands, might be
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INTERESSENGRUPPEN UND ANPASSUNGSKONFLIKTE IN ENTWlCKLUNGSLANDERN Fallstudie II Mauritius
The number of developing countries with which the IMF and the World Bank have made structural adjustment agreements has increased rapidly in the eighties. At the same time the discussion on the conflicts arising from such adjustment programmes has been greatly intensified. On the premise that the success or failure of the programmes, the way in which they are conducted and the period for which they can be politically supported, is determined decisively by the activity of interest groups, an empirical analysis of Mauritius was conducted. The example of this small island economy can serve to elaborate the relevance of a broad social consensus for the success of adjustment REPORT explained by the lack of overall R&D resources (e.g. trained personnel) in these countries.
But affiliates of US MNCs are performing a high amount of R&D, too. In the automotive industry, German affiliates are developing models for the whole European market which are also manufactured in other European countries. In the computer industry, too, German affiliates are performing R&D with more than just regional importance.
Despite the high publicitywhich the first R&D efforts of Japanese companies in the FRG have received, these are still of very little importance.
MNCs' Strategies
In-depth studies of individual corporations 21 reveal that the composition of international R&D systems of MNCs is a result of a mix of the above-mentioned processes and motives. Even though the internationalization strategies differ due to industry and even company specific conditions, it is clear that the importance of foreign R&D that is using local innovation potential is growing.
Since the mid 80s, it has almost become a commonplace among management consultants and managers 22 that the future belongs to triadic MNCs, i.e. corporations which have a strong local presence via foreign direct investment in all three important regions of the world (USA, Europe, Japan). Against the background of an increasing economic interlacing within and between the triadic regions and taking into consideration the levelling of the technological capacities of the three regions, company strategies which concentrate business activity in the home country seem less promising. The traditional model of an MNC, i.e. first testing new products at home, next exporting those products and finally producing them in foreign markets, seems to be outdated. Simultaneous presence in all three regions with locally adapted products seems to be a decisive requirement of future business. According to a recent study, z3 this also necessitates a new structure of the R&D system: Source: Annual reports and other company information.
INTERECONOMICS, May/June 1991 "What we have called the 'global network' model of technology management is clearly the 'wave of the future' when it comes to competing globally. This model consists of a network of technology core groups in each major market -the U.S., Japan, and Europe -managed in a coordinated way for maximum impact. Only a handful of companies, including IBM, Ciba Geigy, Bayer and ICI are pursuing this approach. Since building a technology network can take from 10 to 20 years or more, the companies that move in this direction today will have a clear winning edge tomorrow. ''24 Although it is doubtful that such a highly integrated network would be a realistic perspective even for large MNCs in the forseeable future, the shift in quality of foreign R&D is evident. The traditional structure of unilaterally transferring technology from the parent company to affiliates abroad which only adapt delivered technology to local requirements, is becoming increasingly blurred. What can be expected for the future is the creation of polycentric companies with several innovation centrassome of them in foreign countries.
Implications for National Competitiveness
Again, it is important to point out that the growth of the foreign R&D of German companies is largely a result of the general growth of these companies through acquisitions. Beyond this, we could show that the affiliates of foreign companies in the FRG are pursuing R&D to about the same extent and with the same intensity as German companies abroad. We even assume that the FRG is a favoured location for R&D by foreign companies in Europe. 29 This clearly means that the quantitative increase in the foreign R&D of German companies cannot be interpreted as an"exodus of German R&D". There is no quantitative imbalance in the R&D internationalization process in the FRG.
A remaining question is whether the internationalization of R&D in qualitative terms has had any negative effects on the FRG. Of interest for the public ~1 For in-depth studies of three companies which account for over one thirdoftheforeignR&DofGermanMNCscf.C. D0rrenb~.cher, M. Wortmann, op. cit., Cf.especiallyK. Ohmae: Triad power, New York1985.
This study was carried out by Booz-Allan & Hamilton. The major results are published in A. C. Perrino, J.W. Tipping: Global management of technology, in: Research & Technology Management, No. 3, 1989, pp. 12-19. 24 Ibid., pp. 13-14. 25 The latest available data for 1982 show that the R&D intensity of US affiliates in the FRG is higher than in other European countries. Calculated from US Department of Commerce: U.S. direct investment abroad, 1982 benchmark survey data, Washington DC 1987.
REPORT discussion are especially those cases where single companies are increasing their R&D efforts in so-called key technology areas abroad more quickly than at home. Especially in modern biotechnology, some companies have located R&D of strategic importance in the USA in order to participate in the more advanced innovative potential in this area.
In assessing the consequences for Germany two principal views are possible. 2~ The first view fears a weakening of the R&D landscape in Germany with disasterous long-term effects on German competitiveness. The other perceives the fast access to foreign technology potentials as the best way for German companies to increase their international competitiveness and to pull up on the leading companies of the world.
Long-term advantages and disadvantages for Germany will depend on whether a rapid transfer of technology from abroad leads to an increase in the competitiveness of the domestic parts of the MNC, including its domestic R&D, or whether R&D abroad is followed by production abroad and, in the long run, complete divisions of the company becoming concentrated abroad. There are no signs of such a tendency up to now, even though this question cannot be answered definitely on the basis of the knowledge we have so far on this topic.
It should be noted here that in the USA there is a somewhat complementary discussion of the advantages and disadvantages of inward direct investment in high tech areas. In the USA, acquisitions of high tech companies by foreign firms are regularly followed by protests warning against a"sell out" of US technology while others welcome the inflow of foreign capital and managerial skills. 27
But if it is true that the companies of the futureincluding their R&D systems-will be organized in a more triadic manner, the effects on "home countries" will be basically positive if "their" companies are strengthening their international competitiveness by increasing R&D in North America and in Japan.
Implications for S&T Policy
For policy, too, the internationalization of R&D has important consequences. The concept of international competitiveness, which was traditionally related to the competitiveness of countries or regions, has to be redefined if the most important actors -the MNCs -are increasingly acting across geographical borders.
The relationship between S&T policy and foreign R&D intensive companies includes a contradiction which is in principle insoluble. On the one hand, the innovative 144 potential of foreign firms should be utilized for the national R&D system. On the other hand, a transfer of results from domestic R&D abroad is to be prohibited. It is obviously impossible to reach both objectives at the same time.
This problem can be seen with the S&T policy of the European Community, which aims at increasing the competitiveness of Europe and "its" companies by building up European research networks. But howshould it deal with IBM if this company wishes to participate in the JESSI programme. Even more difficult is the case of the British computer manufacturer ICL which was taken over by Fujitsu: should ICL now be excluded from the JESSI programme because there is the danger that technology which has been developed in Europe might be transferred immediatelyto Japan? In both of these cases, as in others, policy seems to follow a middle road by all owl ng the foreign owned companies to participate in more peripheral parts of the programmes.
At the same time, in the USA it has yet to be decided whether foreign companies will be allowed to participate e.g. in the Sematech programme. Finally, in Japan BASF has recently become the first foreign company to participate in a government supported R&D programme.
But not only the relationships of governments to foreign companies are becoming more complicated, relationships totheir"own"companies are becoming more difficult, too. MNCs now can install new R&D facilities at home or abroad. A new international competition for the location of R&D is emerging. This puts increasing pressure on national S&T policies as well as on other policies which influencethe national climate of innovation. In the FRG, this became obvious in recent years with the public controversy on legal regulations for modern biotechnology, when some MNCs were setting up new R&D as well as production units in this field in the USA arguing that legislation in the FRG was an impediment. We cannot answer here the question whether this really was the main reason for the MNCs' moves to the USA or whether the innovative potential at the new location was the main reason behind these decisions. The implication of these developments is obvious: it is becoming more difficult for governments to regulate the framework for R&D, and technological progress in general, on the basis of nationally defined priorities.
~s The headlines of recent tithe stories in two German magazines were "Exodus der deutschen Forschung" (highTech No. 8/1990, pp. 54-63) and "Forschen for Deutschland" (manager magazin No. 9/1990, pp. 155-181 
